MEP 237 COMPUTER NUMERICAL CONTROL

1 | Introduction to CNC

A CNC Is the processof manufacturing machined parts. The processis
controlled by a computerizedcontroller calledMachine Control Unit (MCU)
The MCU generates,stores, and processesCNCprograms The MCU uses
motors to drive each axis of a machinetoll and regulatesits direction ,
speed andthe amount of time eachmotor rotates.

Figurel-1 Components of modern CNC systerS&urce:introduction to Computer
Numerical Control.
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1 | Introduction to CNC

A

NC:Numerical Controlvere used in industry for more than 40 years. And
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a code of letters, numbers, and special characters. A complete set of code
for executing an operation is callecheogram. These codes are translated
into corresponding electrical signals for input to motors which runs the
machine.

Figurel-2 Components of traditional NC systenfSource:introduction to Computer
Numerical Control.
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12| CNC Vs. NC
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Advantages of CNC over NC:

Reduction in hardware for adding functions.

New functions can be programmed into the MCU as software.

The CNC program can be written, stored, and executed at the CNC.

Any portion of an entered CNC program can be played back and edited.
Many Different programs can be stored in the MCU.

Several CNC machine can be linked together to main computer. This known a
Direct Numerical Control [DNC].

Several DNC systems can be networked to fDistributive Numerical Control
system.

The CNC program can be input from zip, floppy disks, flash, portable external
drive, or can be downloaded from the network.

E @

DNC
main host
computer

Figurel-3 DNC.Source:introduction to Figurel-4 Distributive numerical controlSource:
Computer Numerical Control. introduction to Computer Numerical Control.
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2 | Modern Machine Tool Controls

A Types of machine motion controllers in the MCU:
Fanuc.

Allen-Bradley.

GE.

Okuma.

Bendix

Mazakand others.
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A The physical appearance of these controllers is similar and each responds
to a slightly different set of codes.
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2 | Modern Machine Tool Controls

A Types of system control:

1. Pointto-Point Tool Movement:

The tool move to a point on the part and execute an operation at that point only.
The tool is not in continues contact with the part while it is being moved to a
working location.

Operations:drilling, reaming, boring, tapping and punching.

Figure2-1 Pointto-point tool movement. Source:
introduction to Computer Numerical Control.
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2 | Modern Machine Tool Controls

A Types of system control:

2. Continuous Path Tool Movement:

The tool maintain continuous contact with the part as the tool cuts a contour
shape. The continuous path controllers output motion by interpolating each poin
Interpolation is a mathematical method of approximating the true or exact
positions required to follow @recalculatedpath.

Operations:milling along lines at any angle, milling arcs, and lathe turning.

Tolerance limit

Actual, interpolated,
tool movement

Line segment

Actual tool
movement Line segment
interpolated

by a continuous

path controller

Tolerance limit

Truearc

Figure2-2 Continuous tool movement. Figure2-3 Interpolation used for continuous path
movement.
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2 | Modern Machine Tool Controls

A Loop Systems For Controlling Tool Movement [ CNC Machine Movement ]
A loop system sends electrical signals to drive motor controllers and receives
some form of electrical feedback from the motor controlleFsleranceto which a
part can be cut depends on the loop system type.

1. Open Loop System.
2. Closed Loop System.
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Figure2-4 Open loop system. Figure2-5 Closed loop system.
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2 | Modern Machine Tool Controls

1. Open Loop System:

Utilize stepping motors to create machine movements. Stepping motors rotate a
fixed amount, usually 18or each pulse received. The motors are connected to tl
machine table lead screw and spindle. The motor controller send signals back
indicating the end of motioriThe feedbacks not used to check the accuracy of
machine movement with the exact movement programmpBacklashs increased
due to friction generated from the lead screBacklashcan cause positioning
errors when reversing the motion.

(b)

- e o — Figure2-7 (a) Stepper motors, (b) Cressction of a
Figure2-6 Continuous tool movement. stepper motor.
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2 | Modern Machine Tool Controls

2.  Closed Loop System:

Utilize servomotors to create machine movements. Motor types include servos
DC servosandhydraulic servosHydraulic servos are the most powerful and used
In large CNC machines. T$peedof AC or DC servovsriableanddependson the
amount of current passing through it. Tleedbackfrom servo is sent to the MCU.
The unit compares the motion command from MCU and the voltage feedback
[motor speed] from the tachometer and outputs back to the motor the difference
between the two values or error.

Figure2-6 Closed loop system. Figure2-7 AC servo motor.
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2-1| Backlash

A Controlling Backlash:
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errors when the screw reverses direction and the nut lags behind. Modern mact
tool laser calibration equipment is used to precisely measure the amount of pitcl
error and backlash in CNC positioning system. The data is input into a backlash
compensation program installed in the MCU eve#y Bonths.

As the machine wears, the value of backlash increases.

Figure2-8 Ball screw.

Figure2-8 Lead screw.
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Axis and Motion.
CNC Milling Fundamentals.
CNC Turning Fundamentals.

> I

C Cartesian Coordinates:

The location of CNC tool at any time is controlled by a system of XYZ coordinate

Second First
quadrant quadrant

-X,Y) x.v)
[ Jeo
X +X
Onigin
Third Fourth
quadrant quadrant
(-X,-¥) (X,-Y)

Figure3 The Cartesian coordinates system.
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3-1| Axis & Motion

A CNC Machine Axis Of Motion.

CNC machines execute machining operations by some form of linear motion or
rotary motion. Such movement vary from machine to machine according to
manufacturer design. For example, the table can move in thaxisymotion and

the spindle in the Zaxis motion.The programmemneed not to be concerned
whether it is the spindle or the table moves.

The machine axiwill be defined in terms ofpindle movement.
When Right middle
en Right mi MJMA,;

Only spindle considered as.
moving along £X, £Y, +Z

Machine axis origin is taken
at the spindle

digit points along
the direction of +Z
Machine axis

Pointer digit will point
along the direction of +Y
Machine axis.

Thumb will point
along the direction
of +X Machine axis.

Machine table is
considered locked

Machine Axis as Used for ing Purposes

Figure3-1 The righthand rule for linear motion. Figure3-2 Machine axis for a-axis vertical CNC machine.

Movements at the CNC
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3-1| Axis & Motion

A EIA and ISO Standards.
1. 1S0 6983. [ International Standardization Organization ]
2. EIA RS274. [ Electronic Industries Association ]

The main standards for NC provide simple programming instructions to allow a
machine tool to carry out a particular operation.

Standards includemachine axes should follow the righand rule, spindle moves
Ff2y3 G4KS % | EA[ —

When Right thumb points
along the +X, +Y, or +Z
Machine axis

Fingers will curl in direction %
of +A, +B, or +C rotation about %;
o,
3

the axis. \

Movements at the CNC
(5-Axis Vertical Spindle CNC)

Machine Axis as Used for Programming Purposes

Figure3-3 The righthand rule rotary motion. Figure3-4 The six possible machine axes for a vertical CNC mact
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3-1| Axis & Motion

A Tool Positioning Modes.
1. Absolute Positioning.
2. Incremental Positioning.

CNC machinesan be programmed to locate tool positions in absolute,
incremental, or mixed modes ( incremental & absolute).
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! Figure3-5 Absolute positioning. Figure3-6 Incremental positioning.
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3-2| CNC Milling Fundamentals

A Machine Home and Part Origin.

Part Originis usuallydefined at the lower left corner on the top of the stock of
each part.

Machine Homeit is a point on the actual machine set once by the machine
manufacturer.

Figure3-7 Machine home and part origin locations. Figure3-8 Edge finding.
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